The aim of this work was to establish the optimal conditions for production of carboxymethylcellulase (CMCase) by a newly isolated marine bacterium using response surface methodology (RSM). A microorganism producing CMCase, isolated from seawater, was identified as Cellulophaga lytica based 16S rDNA sequencing and the neighborjoining method. The optimal conditions of rice bran, ammonium chloride, and initial pH of the medium for cell growth were 100.0 g/l, 5.00 g/l, and 7.0, respectively, whereas those for production of CMCase were 79.9 g/l, 8.52 g/l, and 6.1. The optimal concentrations of K 2 HPO 4 , NaCl, MgSO 4 ·7H 2 O, and (NH 4 ) 2 SO 4 for cell growth were 6.25, 0.62, 0.28, and 0.42 g/l, respectively, whereas those for production of CMCase were 3.72, 0.54, 0.70, and 0.34 g/l. The optimal temperature for cell growth and the CMCase production by C. lytica LBH-14 were 35 o C and 25 o C, respectively. The maximal production of CMCase under optimized condition for 3 days was 110.8 U/ml, which was 5.3 times higher than that before optimization. In this study, rice bran and ammonium chloride were developed as carbon and nitrogen sources for the production of CMCase by C. lytica LBH-14. The time for production of CMCase by a newly isolated marine bacterium with submerged fermentations reduced to 3 days, which resulted in enhanced productivity of CMCase and a decrease in its production cost.
MATERIALS AND METHODS

Isolation of Marine Microorganisms Producing CMCase
To isolate microorganisms producing CMCase, seawater from Kyungsang Province of Korea was suspended with 0.85% (w/v) NaCl. The suspension was then cultivated on marine agar plates at 30 o C for 3 days under aerobic conditions. Cultures of isolated microorganisms were prepared by transferring cells from the agar plate to 200 ml of medium in 500 ml Erlenmeyer flasks. The medium used for the production of CMCase contained the following components: 20.0 g/l carboxymethylcellulose (CMC), 2.5 g/l yeast extract, 5.0 g/l K 2 HPO 4 , 1.0 g/l NaCl, 0.2 g/l MgSO 4 ·7H 2 O, and 0.6 g/l (NH 4 ) 2 SO 4 . The resulting cultures, which were designated as A-53, A-68, LBH-10, LBH-14, LBH-18, and LBH-52, were incubated at 30 o C for 3 days under aerobic conditions. Based on the productivity, LBH-14 was selected for production of CMCase and identification by sequencing of 16S rDNA.
Analysis of 16S rDNA Sequences of the Isolated Microorganism
For the nucleotide sequence analysis of 16S rDNA, bacterial genomic DNA was extracted and purified using a Wizard Genomic DNA Prep. Kit (Promega Co., Madison, USA). Two primers annealing at the 5' and 3' ends of the 16S rDNA were 5'-AGAGTTTGATCC TGGCTCAG-3' (positions 8 to 27 [E. coli 16S rDNA numbering]) and 5'-AAGGAGGTGATCCAGCCGCA-3' (positions 1541 to 1522), respectively [36] . PCR amplification was performed as described in a previous report [17] . The PCR reaction was run for 35 C to ensure full extension of the products. The amplified PCR products were then analyzed in a 1.0% (w/v) agarose gel, excised from the gel, and purified. The purified products were cloned into a pGEM-T Easy vector (Promega Co., Madison, USA) and subsequently sequenced using an ALF Red automated DNA sequencer (Pharmacia, Sweden). The 16S rDNA sequence of the isolate was aligned with those in the GenBank database. Multiple alignments of sequences and calculations of sequence similarity levels were performed by using CLUSTAL W [33] . Neighbor-joining phylogenetic analysis was carried out with a MEGA program [18] .
Production of CMCase by the Isolated Microorganism
Starter cultures were prepared by transferring cells from agar slants to 50 ml of medium in 250 ml Erlenmeyer flasks. The resulting cultures were incubated at 30 o C for 2 days under aerobic conditions. Each starter culture was used as an inoculum for 150 ml of medium in 500 ml Erlenmeyer flasks. The main culture was carried out in a medium containing 20 g/l carbon source, 2.5 g/l nitrogen source, 5.0 g/l K 2 HPO 4 , 1.0 g/l NaCl, 0.2 g/l MgSO 4 ·7H 2 O, and 0.6 g/l (NH 4 ) 2 SO 4 at 30 o C for 3 days under aerobic conditions. Batch fermentations for production of CMCase by an isolated microorganism were performed in a 100 L bioreactor (Ko-Biotech Co., Korea). Working volumes of 100 L bioreactors were 70 L and inoculum sizes of batches were 5% (v/v). Agitation was provided by three sixflat-blade impellers. Samples were periodically withdrawn from the cultures to examine cell growth and production of CMCase.
Experimental Design for Optimization for Production of CMCase
The rice bran (X 1 ), ammonium chloride (X 2 ), and initial pH of the medium (X 3 ) were chosen as the independent variables of the first experiment for optimization, and cell growth (Y 1 ) and CMCase (Y 2 ) were used as a dependent output variable. The total number of experiments was 20 (= 2 k + 2k + 6), where k is the number of independent variables [15] . The interrelationships of the variables were determined by fitting the second-degree polynomial equation to data obtained from 20 experiments using mean values of the triplicates of each experiment conducted triee times at different occasions. The model constructed as a response function of the variables on cell growth and production of CMCase was a secondorder polynomial, as follows (Eq. 1):
where Y is the measured response (cell growth as measured dry cells weight or production of CMCase), ß 0 , ß i , and ß ij are the regression coefficients, and X i and X j are the factors under study. For three-variable systems, the model equation is given below (Eq. 2). Regression analysis and estimation of the coefficient were performed using the statistical software Design-Expert (Version 7.1.6; Stat-Ease Inc., Minneapolis, USA). The contribution of individual parameters and their quadratic and interactive effects on cell growth and production of CMCase were determined.
The K 2 HPO 4 (X 1 ), NaCl (X 2 ), MgSO4·7H 2 O (X 3 ), and (NH 4 ) 2 SO 4 (X 4 ) were also chosen as the independent variables of the second experiment, and each variable was designated as -1, 0, and 1, respectively. Cell growth (Y 1 ') and CMCase (Y 2 ') were used as dependent output variables. For four-variable systems, the model equation is given below (Eq. 3).
Analytical Methods Dry cells weight was measured as described in a previous report [12] . The activity of the CMCase produced by the isolated microorganism was determined based on the release of reducing sugar from CMC using the 3,5-dinitrosalicylic acid (DNS) method, as described in a previous report [17] . Glucose (Sigma-Aldrich, UK) was used to prepare a calibration curve. One unit of each CMCase was defined as the amount of enzyme that released 1 µmol of reducing sugar equivalent to glucose per minute under the assay condition. The significance of each value for cell growth and the production of PS-7 by B. indica HS-2001 was analyzed by DPS software version 3.01 (DPS Co., Middlesex, UK).
RESULTS
Identification of the Isolated Microorganism
A microorganism producing carboxymethylcellulase (CMCase) was isolated from seawater of Kyungsang Province in Korea and designated as strain LBH-14. The phylogenetic analysis of strain LBH-14 using the nucleotide sequence data of its 16S rDNA showed that this strain had the highest homology (99.2%) with Cellulophaga lytica M62796. Based on the evolution distance and the phylogenetic tree resulting from 16S rDNA sequencing and the neighborjoining method [30] , the microorganism isolated from seawater was identified as Cellulophaga lytica and designated as C. lytica LBH-14, as shown in Fig. 1 . The genus Cellulophaga belongs to the family Flavobacteriaceae of the phylum Bacteroidetes and this genus comprises five species: C. algicola, C. baltica, C. fucicola, C. lytica, and C. pacifica [26] . Some Cellulophaga species are known to be algicidal bacteria, which may be an important limiting factor in Raphidophyte bloom sustenance [24] .
Effects of Carbon and Nitrogen Sources on Production of CMCase
The effects of carbon and nitrogen sources on cell growth and the production of CMCase by C. lytica LBH-14 were investigated. Carbon sources tested for the production of cellulase were 20.0 g/l glucose, fructose, maltose, sucrose, rice bran, and rice hulls. Nitrogen sources were 2.5 g/l malt extract, peptone, tryptone, yeast extract, ammonium sulfate, and ammonium nitrate. The initial pH of the medium and cultural temperature were 6.8 and 30
o C. Production of CMCase from 36 combinations with 6 carbon sources and 6 nitrogen sources ranged from 9.0 to 24.0 U/ml. Maltose and tryptone were found to be the best combination of carbon and nitrogen sources for cell growth of C. lytica LBH-14, whereas rice bran and tryptone were the best combination for production of CMCase, as shown in Fig. 2 . However, a combination of rice bran and ammonium chloride was chosen for the next examination owing to their low cost and availability. Cell growth and production of CMCase from 20.0 g/l rice bran and 5.0 g/l tryptone were 1.51 g/l and 24.0 U/ml, whereas those from 20.0 g/l rice bran and 5.0 g/l ammonium chloride were 0.69 g/l and 21.1 U/ml. Optimization of Rice Bran, Ammonium Chloride, and Initial pH for Production of CMCase The effects of rice bran, ammonium chloride, and initial pH of the medium on cell growth and the production of CMCase by C. lytica LBH-14 were investigated using onefactor-at-a-time experiment. Concentrations of rice bran and ammonium chloride ranged from 25 to 125 g/l and from 2.5 to 7.5 g/l, respectively. The initial pH of the medium ranged from 5.5 to 7.5. The composition of the basic medium and culture conditions were 75.0 g/l rice bran, 7.5 g/l ammonium chloride, initial pH of 6.5, and temperature of 30 o C. The optimal conditions of rice bran, ammonium chloride, and initial pH for cell growth of C. lytica LBH-14 were 125.0 g/l, 5.0 g/l, and 7.0, respectively, whereas those for production of CMCase were 75.0 g/l, 7.5 g/l, and 6.0, as shown in Fig. 3 . The optimal conditions for cell growth of C. lytica LBH-14 were found to be different from those for production of CMCase. Based on results from one-factor-at-a-time experiment, the effects of rice bran, ammonium chloride, and initial pH of the medium on cell growth and the production of CMCase by C. lytica LBH-14 were investigated using response surface methodology (RSM). The coded values of minimum and maximum ranges of rice bran (X 1 ), ammonium chloride (X 2 ), and initial pH of the medium (X 3 ) were 50.0 and 100.0 g/l, 5.0 and 10.0 g/l, and 6.0 and 7.0, respectively. Cell growth, measured as dry cells weight (DCW) and production of CMCase from 20 different conditions ranged from 2.84 to 3.16 g/l and from 58.6 to 70.6 U/ml, as shown in Table 1 .
The model F-value of 21.60 from the analysis of variance (ANOVA) of cell growth implied that this model was significant, as shown in Table 2 . There was only a 0.01% chance that a "model F-value" could occur to die to noise. The P-values were used as a tool to check the significance of each of the coefficients, which in turn were necessary to understand the pattern of the mutual interactions between the test variables. The smaller the magnitude of the P-value, the more significant is the corresponding coefficient. The ANOVA indicated that this model and the model term of X 1 ("probe > F" less 0.0001) were highly significant, and the model terms of X 2 , X 3 , and X 1 2 ("probe > F" less 0.0500) were significant for cell growth of C. lytica LBH-14. The regression equation obtained from ANOVA indicated that the multiple correlation coefficient of R 2 was 0.9511. The model can explain 95.11% variation in the response. The value of the adjusted determination coefficient (Adj. R 2 = 0.9070) was very high to advocate for a high significance of this model [14] . The predicted determination of coefficient of 0.8368 was in reasonable agreement with the Adj. R 2 of 0.9070. From the statistical results obtained, it was shown that the above models were adequate to predict the cell growth of C. lytica LBH-14 within the range of variables studied. Multiple regression analysis of the experimental data gave the following second-order polynomial equation in terms of coded factors (Eq. 4). The optimal conditions of rice bran, ammonium chloride, and initial pH of the medium for cell growth extracted by Design Expert Software were 100.0 g/l, 5.00 g/l, and 7.0, respectively. The maximum cell growth of 3.15 g/l was predicted by this model.
The model F-value of 16.12 from the ANOVA of production of CMCase implied that this model was also significant. The ANOVA indicated that this model and the model term of X 1 2 was highly significant and those of X 1 , X 2 , X 3 , X 2 2 and X 3 2 were significant for the production of CMCase by C. lytica LBH-14. The regression equation obtained from ANOVA indicated that the multiple correlation coefficient of R 2 was 0.9355. The value of the adjusted determination coefficient (Adj. R 2 = 0.8775) was high to advocate for a high significance of this model. The predicted determination of coefficient of 0.5941 was also in reasonable agreement with the Adj. R 2 of 0.8775. From the statistical results obtained, it was also shown that the above models were adequate to predict the production of CMCase by C. lytica LBH-14 within the range of variables studied. Multiple regression analysis of the experimental data gave the following second-order polynomial equation in terms of coded factors (Eq. 5). The optimal conditions of rice bran, ammonium chloride, and initial pH of the medium for production of CMCase were 79.9 g/l, 8.52 g/l, and 6.1, respectively. The maximum production of CMCase of 70.1 U/ml was predicted by this model. Y 2 = 69.63 + 1.
The three-dimensional response surface was generated to study the interaction among three factors tested and to visualize the combined effects of factors on the response of the production of CMCase by B. velezensis A-68, as shown in Fig. 4 . When the effect of two factors was plotted, the other two factors were set at the coded value zero, which were 75.0 g/l rice bran, 7.5 g/l ammonium chloride, and initial pH of 6.5. This kind of graphical visualization allows the relationships between the experimental levels of each factor and the response to be investigated, and the type of interactions between test variables to be determined, which is necessary to establish the optimal conditions for cell growth and production of CMCase. The p-values (Probe > F) of interactive effects of rice bran, ammonium chloride, and initial pH on cell growth ranged from 0.2069 to 0.6012, whereas those on production of CMCase ranged from 0.0398 to 0.1651. In contrast to the circular shapes, the elliptical nature of curves indicates more significant mutual interactions between variables. The most significant combination of variables on cell growth was ammonium chloride and initial pH ("Probe > F" = 0.2069), whereas that on production of CMCase was rice bran and ammonium chloride ("Probe > F" = 0.0398).
Optimization of Salts in Medium for Production of CMCase
The optimal concentrations of salts in the medium for cell growth and the production of CMCase by C. lytica LBH-14 were also investigated using one-factor-at-a-time experiments. Carbon and nitrogen sources and initial pH of the medium were 79.9 g/l rice bran, 8.52 g/l ammonium chloride, and 6.1, which were previously optimized in this study. Concentrations of K 2 HPO 4 , NaCl, MgSO 4 ·7H 2 O, and (NH 4 ) 2 SO 4 ranged from 0.0 to 10.0 g/l, from 0.0 to 2.0 g/l, from 0.0 to 0.8 g/l, and from 0.0 to 1.2 g/l, respectively. Concentrations of K 2 HPO 4 , NaCl, MgSO 4 ·7H 2 O, and (NH 4 ) 2 SO 4 in the basic medium were 5.0, 1.0, 0.4, and 0.6 g/l, respectively. The optimal concentrations of K 2 HPO 4 , NaCl, MgSO 4 ·7H 2 O, and (NH 4 ) 2 SO 4 for cell growth of C. lytica LBH-14 were 7.5, 0.5, 0.2, and 0.3 g/l, respectively, whereas those for production of CMCase were 2.5, 0.5, 0.6, and 0.3 g/l, as shown in Fig. 5 . The optimal concentrations of salts in the medium for cell growth were also different from those for production of CMCase. Based on results from the onefactor-at-a-time experiment, the optimal concentrations of Table 3 . Central composite design (CCD) and determined response values. salts in the medium for cell growth and the production of CMCase by C. lytica LBH-14 were also investigated using RSM. The coded values of minimum and maximum ranges of K 2 HPO 4 (X 1 ), NaCl (X 2 ), MgSO 4 ·7H 2 O (X 3 ), and (NH 4 ) 2 SO 4 (X 4 ) were 2.5 and 7.5 g/l, 0.25 and 0.75 g/l, 0.25 and 0.75 g/l, and 0.3 and 0.9 g/l, respectively. Cell growth and production of CMCase from 30 different conditions ranged from 3.49 to 4.07 g/l, and from 95.4 to 104.6 U/ml, as shown in Table 3 .
The model F-value of 9.88 from the ANOVA of cell growth implied that this model was significant, as shown in Table 4 . The ANOVA indicated that this model and the model terms of X 1 2 and X 3 2 were highly significant ("probe > F" less 0.0001) and those of X 1 , X 2 , X 3 , X 4, X 2 2 , and X 4 2 were significant ("probe > F" less 0.0500) for cell growth of C. lytica LBH-14. The regression equation obtained from ANOVA indicated that the multiple correlation coefficient of R 2 was 0.9021. The model can explain 90.21% variation in the response. The value of the adjusted determination coefficient (Adj. R 2 = 0.8108) was very high to advocate for a high significance of this model. The predicted determination of coefficient of 0.5141 was in reasonable agreement with the Adj. R 2 of 0.8108. From the statistical results obtained, it was shown that the above models were adequate to predict the cell growth of C. lytica LBH-14 within the range of variables studied. Multiple regression analysis of the experimental data gave the following second-order polynomial equation in terms of coded factors (Eq. 6). The optimal concentrations of K 2 HPO 4 , NaCl, MgSO 4 ·7H 2 O, and (NH 4 ) 2 SO 4 for cell growth were 6.25, 0.62, 0.28, and 0.42 g/l, respectively. The maximum cell growth of 3.57 g/l was predicted by this model.
The model F-value of 52.81 from the ANOVA of production of CMCase implied that this model was also significant. The ANOVA indicated that this model and the model terms of X 1 , X 3 , X 4, X 1 2 , X 2 2 , and X 3 2 were highly significant, and that of X 4 2 was significant for the production of CMCase by C. lytica LBH-14. The regression equation obtained from ANOVA indicated that the multiple correlation coefficient of R 2 was 0.9801. The value of the adjusted determination coefficient (Adj. R 2 = 0.9616) was very high to advocate for a high significance of this model. The predicted determination of coefficient of 0.9089 was in reasonable agreement with the Adj. R 2 of 0.9616. From the statistical results obtained, it was shown that the above models were adequate to predict the production of CMCase by C. lytica LBH-14 within the range of variables studied. Multiple regression analysis of the experimental data gave the following second-order polynomial equation in terms of coded factors (Eq. 7). The optimal concentrations of K 2 HPO 4 , NaCl, MgSO 4 ·7H 2 O, and (NH 4 ) 2 SO 4 for production of CMCase were 3.72, 0.54, 0.70, and 0.34 g/l, respectively. The maximum production of CMCase of 105.4 U/ml was predicted by this model. Table 4 . Parameter estimates and analysis of variance (ANOVA) of the design for cell growth and production of CMCase by C. lytica LBH-14.
Source of variation
Degree 
Effect of Temperature on Production of CMCase The effect of temperature on cell growth and the production of CMCase by C. lytica LBH-14 was examined. Carbon and nitrogen sources and initial pH of the medium were 79.9 g/l rice bran, 8.52 g/l ammonium chloride, and 6. Fig. 7 . A decrease in pH might result from accumulated production of organic acids from substrates in the medium, which were used as precursors for the biosynthetic pathway for cell growth. Dissolved oxygen in the medium also decreased dramatically until 18 h and increased gradually after 42 h. Cell growth of C. lytica LBH-14 increased rapidly until 30 h. Production of the CMCase started after a dramatic decrease in the concentration of dissolved oxygen at 9 h. The production of CMCase by C. lytica LBH-14 appeared to be paralleled with cell growth. Production of CMCase by B. amyloliquefaciens DL-3 had been reported to be paralleled with cell growth [12] . Production of cellulases by a psychrophilic marine bacterium, Psychrobacter aquimaris LBH-10, was also paralleled with cell growth [16] . The cell growth and production of CMCase in the 100 L bioreactor were 3.51 g/l and 112.0 U/ml, respectively.
DICUSSION
The best combination of carbon and nitrogen sources for the production of CMCase produced by B. amyloliquefaciens DL-3 was rice hulls and peptone, whereas that by B. subtilis subsp. subtilis A-53 was rice bran and yeast extract [12, 20] . Rice bran was reported to be the best carbon source for the production of CMCase by Bacillus sp. CH43 and HR68 [25] . The composition of the rice bran used in this study was as follows: 48.0% carbohydrate, 6.9% fiber, 14.9% crude lipid, 13.1% crude protein, 7.6% ash, and 9.5% water. All strains investigated to date for production of CMCase are inducible by cellulose, lactose, or sophorose, and repressible by glucose, which are reasons why the best carbon sources for the production of cellulases by bacterial and fungal strains are rice hulls, rice bran, or wheat bran [5, 16] . Induction, synthesis, and secretion of the β-glucanase appear to be closely associated [29] .
Analysis using the statistical method indicated that potassium phosphate was the most significant factor for cell growth and production of CMCase. Potassium phosphate is one of the major salts in the medium for productions of microbial polysaccharides and enzymes as well as a wellknown ingredient in buffer solutions [11, 22] . Sodium chloride was reported to be used as a physiological modulator of the biosynthetic pathway of biopolymers [9, 20] . Magnesium sulfate added to media assists with spore germination and initial growth of A. fisheri, which results in 1.9-fold increased production of xylanase [31] . Higher cell growth and production of key enzymes for the production of 1,3-propanediol were obtained when ammonium chloride was added to the medium [7] . Potassium phosphate seemed to act as a mineral salt for cell growth of C. lytica LBH-14 as well as a pH stabilizer in the medium, which can enhance cell growth and production of CMCase [22] . Ammonium sulfate used in this study seems to be mainly used as a nitrogen source for cell growth. The optimal temperatures for cell growth of B. amyloliquefaciens and B. subtilis subsp. subtilis were 32 o C and 35 o C, respectively, whereas those for production of CMCase were 37 o C and 30 o C, respectively [12, 20] . The optimal temperatures for the production of filter paperase (FPase) by T. reesei QM9414 and T. reesei MCG77 from rice bran in solid-state fermentation were 30 o C and 25 o C, respectively [19] . The optimal concentrations of salts in the medium and the temperature as well as carbon and nitrogen sources for cell growth of C. lytica LBH-14 were also different from those for production of CMCase.
A major constraint in enzymatic saccharification of cellulosic materials for fermentable sugars is the cost of cellulases and their low productivity [32] . Various carbon sources have been used for production of cellulases, but their prices are too expensive to apply commercially [21] . Rice bran is produced in large amounts from the rice processing industry in Korea, as well as other rice-producing countries. Low-cost ammonium chloride as a nitrogen source is also available in large quantities. In this study, optimization conditions for the production of CMCase by C. lytica LBH-14 from rice bran and ammonium chloride was established using response surface methodology (RSM), as shown in Table 5 . RSM provided important information regarding the optimum level of each variable along with its interaction with other variables and their influences on cell growth and production of CMCase [13, 15] . The production of CMCase by C. lytica LBH-14 in a 100 L bioreactor under optimized conditions in the flask scale was almost the same as the maximal production of CMCase obtained in the flask scale, which meant that the optimized conditions in this study would be directly applied for mass production of CMCase in an industrial scale. The time to produce cellulases by fungal species in solid-state fermentation normally takes 7 to 10 days [10, 21] . The educed time from 7 to 3 days for production of CMCase using a marine bacterium with submerged fermentations in this study also results in the increase in productivity of CMCase and the decrease in its production cost. 
